We studied the foot musculature of the fossorial family Odontophrynidae (composed of the genera Macrogenioglottus, Odontophrynus, and Proceratophrys) plus several outgroup taxa from Hyloidea and other burrowing taxa from across Anura. We found novel character-states supporting the monophyly of Odontophrynus, Proceratophrys, and Odontophrynus + Macrogenioglottus. The character-states observed in O. cultripes support conflicting phylogenetic positions within Odontophrynus. A comparison of some novel character-states with a diverse sample of burrowing taxa suggests that some modifications of the foot musculature might be involved in digging.
Introduction
Current knowledge of anuran foot musculature is derived from remarkably few studies. Early contributions by Dugès (1834) , Ecker (1889) , Perrin (1892) , and Gaupp (1896) provided detailed anatomical descriptions of a few species of anurans. Undoubtedly, the most significant contribution is that of Dunlap (1960) , who described in detail the morphology of a broad sample of anurans. Throughout the remainder of the 20 th century, studies focused on either one or a few species (Davies & Burton 1982; Burton 1983 ) or a few characters scored across several species (Liem 1970) . In the new millennium, Burton (2001) studied the foot musculature of Limnodynastidae and Myobatrachidae, Faivovich (2002) defined a few characters of the foot musculature in a study of Scinax (Hylidae), and Burton (2004) carried out a detailed study of the foot musculature of a taxonomically dense sample of Hylidae (at that time including Hemiphractidae) and several outgroup clades. More recently, Salgar et al. (2009) reported on the foot musculature of a single species of Pristimantis (Craugastoridae), while Hoyos et al. (2014) defined characters of foot musculature in a quantitative phylogenetic analysis of one species group of Pristimantis and Hoyos & Salgar (2016) focused on variation in one species of Dendropsophus (Hylidae). These few studies have revealed an enticing glimpse into the variation of these muscles across taxonomic groups, but many more clades must be studied in order to understand their evolutionary history and elucidate the functional and behavioral significance of the morphological differences.
Burrowing is a phylogenetically widespread behavior among anurans, with different groups employing alternative mechanisms for burrowing. These include snout-head-first burrowing, forelimbs-head-first burrowing, hind-limbs-and-forelimbs burrowing, and hind-limbs-first burrowing (Nomura et al. 2009 ). Burton (2001) identified several modifications of the foot musculature of hind-limbs-first burrowing myobatrachids and limnodynastids, but the foot musculature of other burrowing taxa has yet to be studied. We sampled additional burrowing species across Anura in order to search for co-occurrence of character-states observed in Odontophrynidae and these species, which would be suggestive of adaptation for burrowing. We focused taxon sampling primarily on hindlimbs-first burrowers, as defined by Nomura et al. (2009) . Nevertheless, we also examined at least one exemplar of all other types of burrowing behavior associated with fossorial species and most types associated with occasional burrowing species. See Appendix 1 for a list of sampled species and Appendix 2 for the type of burrowing behavior of the sampled species and literature sources. The species that are not listed in Appendix 2 are not burrowing taxa or there is no record indicating this behavior. These species serve as points of comparison with non-burrowing taxa in order to avoid drawing functional conclusions based only on comparisons with burrowing taxa.
Specimens were studied with the aid of a stereomicroscope. Dissections were performed in order to remove superficial layers and observe the deepest muscles. Topical applications of the iodine/potassium iodide solution of Bock & Shear (1972) were used when necessary to clarify details of muscles.
Character-states were recorded using the software Mesquite v3.03 (Maddison & Maddison 2015) . Muscle nomenclature follows Diogo & Ziermann (2014) , who pointed out that muscle terminology of Anura often includes names employed in human anatomy, being in most cases non-homologous. To solve that problem, Diogo & Ziermann (2014: table 4 , and contributions cited there) proposed an alternative terminology that takes into account the homologies of the limb muscles of all the major tetrapod groups. We follow Diogo & Ziermann (2014) with the exception of the m. adductor praehallucis, which follows Burton (2001) . There is confusion in the literature regarding the identities of the m. contrahentis hallucis and the m. flexor teres hallucis (see discussion in Burton 2004: 210) . In order to avoid additional confusion, we use the name m. flexor digiti hallucis for the flexor teres hallucis sensu Burton (2004) .
Although we studied all the muscles of the foot and report data for several characters that are possibly related to burrowing, we explicitly delimited transformation series only for the subset of characters that vary within Odontophrynidae. We optimized these characters on the phylogenetic hypothesis of Pyron (2014) and also discuss, when relevant, the implications of an alternative optimization on the phylogenetic hypothesis of Dias et al. (2013) for Proceratophrys, which has denser taxon sampling than Pyron (2014) for this genus. Ancestral character-state reconstructions were performed using Fitch (1971) 
Results
We identified nine informative characters in the foot musculature of Odontophrynidae, eight from the plantar surface and one from the dorsal surface. For each character, we define its character-states, and then indicate the odontophrynid clades for which they are putative synapomorphies (see also Fig. 1 ).
Plantar surface Character 1. M. abductor brevis plantaris hallucis (ABH): (0) absent; (1) present.
Definition. The ABH has a fleshy origin from the medial margin of the aponeurosis plantaris (APLA), distal to the origin of m. abductor praehallucis. Its fibers converge onto a slender tendon that passes just lateral to the prehallux and inserts about one-third of the way along the medial side of Metatarsus I (Dunlap 1960; Burton 2004) . There is variation in the development of this muscle and the nature of its insertion (Dunlap 1960; Burton 2004; present work) .
Optimization and taxonomic distribution. This muscle occurs plesiomorphically in Odontophrynidae. The absence of the ABH optimizes as a synapomorphy of Odontophrynus on the topology of Pyron (2014) . Within Proceratophrys, it was independently lost at least twice, once in P. concavitympanum, and again in P. goyana. Note that, according to the topology of Dias et al. (2013) , the optimization of this character within Proceratophrys is ambiguous due to the alternative position of P. boiei (ABH present) with respect to P. concavitympanum and P. goyana.
Character 2. M. flexor hallucis accesorius (FHA), origin: (0) from a distal tarsal; (1) from the dorsum of the distal and medial end of the aponeurosis plantaris (APLA).
Definition. The FHA usually originates from Distal Tarsal 2-3. The fibers fan out as they pass medially to form a flat muscle with a broad, penniform insertion along the whole length of the medioventral surface of Metatarsus I (Dunlap 1960; Burton 2004, present work) .
Optimization and taxonomic distribution. The origin from the dorsum of the APLA optimizes as a synapomorphy of Odontophrynus. While the origin of FHA from a distal tarsal was reported previously (e.g. Dunlap 1960; Burton 2001 Burton , 2004 and occurs in all non-Odontophrynus species analyzed, an origin from the APLA is reported here for the first time.
Character 3. M. contrahentis pedis hallucis (CHP I), origin: (0) from a distal tarsal; (1) from the dorsum of the distal and medial end of the aponeurosis plantaris (APLA).
Definition. We follow the description of Burton (2004), since Dunlap (1960) considered the m. flexor digiti hallucis and the CHP I to be the same muscle, under the name of contrahentis digiti I (see Dunlap [1960: 39] and discussion in Burton [2004: 210] ). The CHP I originates from the plantar surface of a distal tarsal (the exact distal tarsal involved depends on the species and the tarsal morphology) via a short, slender tendon. This fusiform muscle passes along the plantar surface of Metatarsus I, just lateral to the tendo superficialis hallucis, and inserts proximally on Proximal Phalanx I.
Optimization and taxonomic distribution. Same optimization and taxonomic distribution as Character 2.
Character 4. M. interphalangeus digiti III (IP III), medial slip: (0) absent; (1) present. Definition. The IP III usually consists of medial and lateral slips with a fleshy origin from Proximal Phalanx III. They converge onto a short, narrow, common tendon, that terminates proximally on the ventral surface of Penultimate Phalanx III (Dunlap 1960; Burton 2004; present work) .
Optimization and taxonomic distribution. Although this is a homoplastic character that varies intraspecifically in some groups (see Burton 2001: 552) , the absence of this muscle optimizes as a synapomorphy of Proceratophrys. The medial IP III is absent in all exemplars of all species of Proceratophrys examined. Definition. The LBB II muscle usually originates from the distal end of APLA and inserts via a fleshy insertion on the metatarso-digital joint or a short tendon proximally on the Proximal Phalanx II (Dunlap 1960; Burton 2004 ). Here we describe for the first time a dorsal supplementary slip with a broad, fleshy insertion on the ventral side of Metatarsus III (Fig. 2B ). This supplementary slip has a common origin with the LBB II from the APLA.
Optimization and taxonomic distribution. The presence of the sLBB II is a synapomorphy of Odontophrynus americanus + O. cultripes as optimized in the hypothesis of Pyron (2014) . Macrogenioglottus alipioi is polymorphic (two of the six exemplars examined have the sLBB II present; see Table 2 ).
Character 6. Supplementary slip (sLBB III) of the m. lumbricalis brevis digiti III (LBB III): (0) absent; (1) present.
Definition. The LBB III usually arises from a short tendon on the distal edge of the APLA and inserts fleshy on the ventral surface of the metatarso-digital articular capsule or by a short tendon on the ventral side of Proximal Phalanx III (Dunlap 1960; Burton 2004 ). Here we describe for the first time a dorsal supplementary slip with a broad fleshy insertion on ventral side of Metatarsus III (Fig. 2B, D) . As described for the sLBB II, the sLBB III also has a common origin with the LBB III from the APLA. Optimization and taxonomic distribution. The plesiomorphic condition in Odontophrynidae is the absence of this dorsal slip. The optimization of this slip is ambiguous, being a synapomorphy of either Odontophrynus or Odontophrynus + Macrogenioglottus, since it is present in all the species of Odontophrynus examined and polymorphic in M. alipioi (one of the six exemplars examined has the sLBB III absent; see Table 2 ). TABLE 2. Presence/absence of the supplementary slips of the mm. lumbricales breves digitorum II-IV (sLBB II-IV; characters 5-7) in the studied specimens of Macrogenioglottus and Odontophrynus. Presence is indicated with "X" and absence with "-". See Appendix 1 for locality data of the vouchers.
Character 7. Supplementary slip (sLBB IV) of the medial m. lumbricalis brevis digiti IV (mLBB VI): (0) absent; (1) present.
Definition. The mLBB IV originates from the distal end of APLA and inserts via a fleshy insertion on the metatarso-digital articular capsule or a tendon proximally on the ventral surface of Proximal Phalanx IV (Dunlap 1960; Burton 2004) . The sLBB IV has a broad fleshy insertion on the ventral surface of Metatarsus IV (labeled as "sLBB IV" in Fig. 2B ). The general morphology of this supplementary slip is similar to the sLBB II and sLBB III, and has a common origin with the mLBB IV from the APLA.
Optimization and taxonomic distribution. The presence of sLBB IV is a synapomorphy of Macrogenioglottus + Odontophrynus as optimized on the topology of Pyron (2014) . It is polymorphic in O. carvalhoi (sLBB IV absent in one of the three specimens examined; see Table 2 ).
Character 8. M. flexor accessorius distalis (FAD), origin from the common tendon of origin of the lateral m. lumbricalis brevis digiti IV (lLBB IV) and medial m. lumbricalis brevis digiti V (mLBB V): (0) absent; (1) present.
O. occidentalis MACN 38689 -X X FIGURE 1. Ancestral character-state reconstructions for Characters 1-9. Ambiguities in Macrogenioglottus alipioi and Odontophrynus carvalhoi in Characters 5-7 are due to polymorphism. Figure 3A , B: TS I-V, LBL III-V, LLG IV, LBB I-V (proximal end of lLBB IV and mLBB V not removed), distal portion of FBS, distal and lateral portion of APLA, distal and ventral portion of distal element of PH; additionally, in Figure 3B , the tendon of origin of the lLBB IV from the FBS was removed. Abbreviations as indicated in Material and Methods. Scale bars = 1 mm. Definition. In most species of Anomocoela and Neobatrachia, the m. flexor accessorius is differentiated into the proximalis (FAP) and distalis (Dunlap 1960; Burton 2001 Burton , 2004 . The FAD originates from the plantar cartilage, passes transversely and ventrally, and inserts on the dorsal side of the APLA on the lateral side of the FAP. We report here a fleshy origin of the FAD extended distally over the common tendon of origin of the lLBB IV and mLBB V (Fig. 3) .
Optimization and taxonomic distribution. The fleshy origin of the FAD over the common tendon of origin of the lLBB IV and mLBB V is a putative synapomorphy of Odontophrynus as optimized on the hypothesis of Pyron (2014) . Neobatrachus aquilonius, Pelobates fuscus, and Spea hammondii present a condition with some similarities with Odontophrynus (see Discussion for additional comments).
Dorsal surface of the foot Character 9. M. extensor brevis superficialis hallucis (EBS I), supplementary head with origin from the tibiale (sEBS I): (0) absent; (1) present.
Definition. The EBS I has a fleshy origin from the fibulare and up to three insertions: a medial insertion on PH via a flat tendon or aponeurosis, a central insertion on the medio-dorsal side of Metatarsus I by a tendon, and a lateral insertion on Proximal Phalanx I (Dunlap, 1960) . The exact number and points of insertions varies among species. Within Odontophrynidae, EBS I invariably inserts on PH, while in some species the insertion on Metatarsus I and/or Proximal Phalanx I is absent. When the insertion on Proximal Phalanx I is present, it occurs through a smaller lateral slip with common origin with EBS II and III, as described by Dunlap (1960: 47-48 ; see also Fig. 4A, B) for Heleioporus albopunctatus and Pleurodema brachyops (as Physalaemus sachsi). In members of the Odontophrynus americanus and O. occidentalis species groups, there is a novel supplementary head (sEBS I) with an origin from the distal end of tibiale. This head converges with the slip with origin from the fibulare, and inserts on the prehallux (Fig. 4A) .
Optimization and taxonomic distribution. The presence of the slip from the tibiale is optimized ambiguously as a synapomorphy of an internal clade within Odontophrynus. This slip is present in O. achalensis, O. americanus, O. barrioi, and O lavillai (these last two taxa were not represented in the phylogenetic hypothesis of Pyron [2014] ), and O. occidentalis. The absence of this supplementary head in O. cultripes renders the optimization ambiguous.
Discussion
Seven of the nine characters presented represent informative variation in the foot musculature reported here for the first time. The morphological novelties are concentrated in Macrogenioglottus + Odontophrynus or its internal clades. From these, three character-states (5:1, 6:1, 7:1) involve novel muscles exclusive of Macrogenioglottus + Odontophrynus or its internal clades, while four character-states also occur in distant taxa (Characters 2:1, 3:1, 8:1, 9:1), and represent modifications in the point of origin. The remaining characters (1 and 4) are highly homoplastic across Anura (see the definition of each character above). Putative adaptation for burrowing, functional and/or developmental dependence or constraints, and implication of the optimizations are further discussed in the following sections.
Adaptations for burrowing? Although generally considered to be burrowers (Savage & Cei 1965 ), burrowing in Odontophrynidae has been reported in a few species. References are restricted to Odontophrynus americanus (Gallardo 1963 (Gallardo , 1972 , O. barrioi (Cei et al. 1982) , O. cultripes (Cei 1980) , O. lavillai (Cei 1985) , and O. occidentalis (Barrio 1964 The large metatarsal tubercles in odontophrynid frogs are positioned above a well-developed, shovel-shaped prehallux. The sacral anatomy of Odontophrynidae is also suggestive of burrowing habits, presenting a bowtie-like sacral diapophysis almost entirely covered by the iliosacral ligament, a typical configuration observed in burrowing frogs (Reilly & Jorgensen 2011) .
Several novel characters reported here for the clade Macrogenioglottus + Odontophrynus or Odontophrynus require discussion about their possible association with fossoriality, including Characters 2 and 3 (point of origin of m. flexor hallucis accessorius and m. contrahentis pedis hallucis respectively), Characters 5-7 (presence of the supplementary slips of the mm. lumbricales breves digitorum II-IV), Character 8 (origin of the m. flexor accessorius distalis over the common tendon of origin of the lateral m. lumbricalis brevis digiti IV and medial m. lumbricalis brevis digiti V), and Character 9 (presence of a supplementary head of the m. extensor brevis superficialis hallucis with origin from the distal end of tibiale). See Appendix 2 for the type of burrowing behavior of the sampled species and the literature source.
(i) M. flexor hallucis accessorius. The origin of the m. flexor hallucis accessorius from the aponeurosis plantaris (Character 2.1), proposed as a synapomorphy of Odontophrynus, was also observed in the burrowers Ceratophrys cranwelli and Lepidobatrachus llanensis (Ceratophryidae), Hemisus marmoratus (Hemisotidae), Kaloula pulchra and Uperodon systoma (Microhylidae). The condition is inapplicable in Spea hammondii (Scaphiopodidae), since the m. flexor hallucis accessorius is absent in that taxon (Dunlap 1960; present work) . Considering the topology of Pyron (2014) and the present taxon sample, the condition of K. pulchra and U. systoma might owe to a single homologous transformation within Microhylidae (in which case it would be a synapomorphy of the clade including Kaloula + Metaphrynella + Uperodon or a more inclusive clade; although the character-state for Metaphrynella is unknown and our taxon sampling within Microhylidae is still inadequate). Chacophrys was recovered, with low support, as sister taxon of Lepidobatrachus by Faivovich et al. (2014) . In that case, the same condition (origin from the aponeurosis plantaris of the m. flexor hallucis accessorius) in C. cranwelli and L. llanensis implies an ambiguous optimization (since Chacophrys has an origin of the m. flexor hallucis accessorius from a distal tarsal). Nevertheless, the taxonomic distribution suggests a possible association of this character-state with fossoriality, since it is only known to occur in three unrelated fossorial/hindlimbs-first burrowing clades.
(ii) M. contrahentis pedis hallucis. The origin of the m. contrahentis pedis hallucis from the dorsum of the aponeurosis plantaris (character 3) optimizes, like the previous character, as a synapomorphy of Odontophrynus. The same character-state is also present in the following burrowing species: Hemisus marmoratus, Kaloula pulchra, and Uperodon systoma. At this point, it is relevant to discuss the evolutionary independence (at least partial) of this character-state from the previous character (character 2, origin of the m. flexor hallucis accessorius from the aponeurosis plantaris). Both origins (the one of the m. contrahentis pedis hallucis and the m. flexor hallucis accessorius) shift from the distal tarsal to the aponeurosis plantaris at the ingroup node of Odontophrynus, suggesting a possible evolutionary dependence (a single transformation event) . Further, the m. contrahentis pedis hallucis and the m. flexor hallucis accessorius both originating from the aponeurosis plantaris, as in Odontophrynus, also occurs in H. marmoratus, K. pulchra, and U. systoma. However, in other species (e.g., Ceratophrys cranwelli and Lepidobatrachus llanensis) the m. flexor hallucis accessorius originates from the aponeurosis plantaris, while the m. contrahentis pedis hallucis originates from a distal tarsal, which corroborates the evolutionary independence of these characters. Although the taxonomic distribution of both characters corroborates their evolutionary independence for the purpose of inferring homology and identifying transformation series, the shift of the origins of both muscles to the aponeurosis plantaris is notable and suggests a functional relationship between them. As with the m. flexor hallucis accessorius, the condition is inapplicable in Spea hammondii, since the m. contrahentis pedis hallucis is also absent in that taxon (Dunlap, 1960; present work) .
(iii) Supplementary slips of the mm. lumbricales breves. Characters 5-7 (presence of supplementary slips of the mm. lumbricales breves digitorum II-IV inserting on Metatarsus II-IV respectively) are novelties for Macrogenioglottus + Odontophrynus, and were not recorded in any other fossorial or burrowing species. Additional studies are required to formulate a hypothesis about the putative function of these supplementary slips.
(iv) M. flexor accessorius. Character 8.1 (origin of the distal region of the m. flexor accessorius distalis over the common tendon of origin of the lateral m. lumbricalis brevis digiti IV and medial m. lumbricalis brevis digiti V) is almost unique to Odontophrynus. The following burrowing species presented a condition similar to that of Odontophrynus: Neobatrachus aquilonius, Pelobates fuscus, and Spea hammondii. Neobatrachus aquilonius has the same morphology as Odontophrynus, the only difference being that the origin of the m. flexor accessorius distalis from the common tendon of origin of the common tendon of the lateral m. lumbricalis brevis digiti IV and medial m. lumbricalis brevis digiti V is less extended. Pelobates fuscus presents a similar condition, since the distal portion of the m. flexor accessorius distalis originates from the tendon at the base of the m. abductor brevis plantaris digiti V and more distally directly from the tendon of origin of the lateral m. lumbricalis brevis digiti IV (in this species the medial m. lumbricalis brevis digiti V is absent or indistinguishable fused to the m. abductor brevis plantaris digiti V). With respect to S. hammondii, the main difference lies on the alternative morphology for the origin of the lateral m. lumbricalis brevis digiti IV and the medial m. lumbricalis brevis digiti V. These muscles do not share a common tendon of origin. Instead, the m. flexor accessorius distalis originates over the tendon of origin of the medial m. lumbricalis brevis digiti V and the base of m. abductor brevis plantaris digiti V (since proximally, the tendon of origin of the medial m. lumbricalis brevis digiti V is fused to the base of m. abductor brevis plantaris digiti V; see Fig. 3B ). Topologically, the m. flexor accessorius distalis originates from the same region as in Odontophrynus and N. aquilonius. Although this character-state does not have a clear association with burrowing habits, it should be emphasized that it only occurs in a small subset of hindlimbs-first burrowing species.
(v) M. extensor brevis superficialis hallucis. The supplementary head of the m. extensor brevis superficialis hallucis from the tibiale (Character 9) is unique among anurans, and it is present in some species of Odontophrynus. Although the same morphology was not observed in any other anuran, some considerations must be done regarding the conditions of Breviceps adspersus Peters, Rhinophrynus dorsalis, and Uperodon systoma. From these species, B. adspersus has the most similar condition to that observed in Odontophrynus. It differs in the type of insertion on the prehallux. While the supplementary slip from the tibiale inserts via a flat tendon or an aponeurosis on the prehallux in Odontophrynus, the insertion of B. adspersus is through a very short tendon, on the prehallux. In Rhinophrynus dorsalis the m. extensor brevis superficialis hallucis is absent; however, there is an unusual muscle tentatively identified as the m. extensor brevis medius hallucis (Dunlap, 1960; present work) . This muscle has a broad, fleshy origin from the tibiale, and has three insertions, (1) medially by a flat tendon on the prehallux, (2) centrally by a tendon on the fascia of the medial slip of the m. dorsometatarsalis hallucis or the m. abductor brevis dorsalis hallucis (due to the modifications in the digiti I of R. dorsalis, it is not possible to establish the exact identity of the involved muscle), and (3) laterally by a strong tendon on the distal and lateral end of Metatarsus I (Fig. 4C ). The differences of this putative m. extensor brevis medius hallucis of R. dorsalis with the m. extensor brevis medius hallucis of most species of Anura are (1) the origin is proximally extended over the tibiale (and not restricted to the distal end of the tibiale and/or the distal end of the fused tibiale and fibulare), and (2) it has three insertions (most anurans have only an insertion on the proximal phalanx). Finally, U. systoma presents a condition that resembles the one of R. dorsalis. Uperodon systoma has a typical m. extensor brevis superficialis hallucis and m. extensor brevis medius hallucis, while there is a supplementary slip with unclear homology (indicated as "X" in Fig. 4D ). This supplementary slip converges with the slip of the fibulare via a common flat tendon, and insert on the prehallux (as Odontophrynus). However, it differs from Odontophrynus in that it is more developed, with the origin extended more proximally over the tibiale. Additional studies and taxon sampling within Uperodon are required to establish the variation and identities of this muscle with origin from the tibiale. Although the conditions of R. dorsalis and U. systoma seem to be not homologous to that of Odontophrynus, the presence of a similar morphological configuration may indicate an equivalent function covered by different, non-homologous muscles. In this sense, since those slips with origins from the tibiale occur so far only in fossorial taxa, a possible function for digging may be involved.
(vi) M. adductor praehallucis. Burton (2001) suggested that the m. adductor praehallucis, a new muscle he described and distinguished from the m. abductor brevis plantaris hallucis, might be an adaptation for burrowing. Burton (2001: 543 and Fig. 3A of that paper) described this muscle as being similar to a transversus muscle (an intermatatarsalis using the terminology of Diogo & Ziermann [2014] ), consisting of a sheet of parallel fibers that passes directly between the prehallux and Metatarsus I, just distal to the m. abductor brevis plantaris hallucis. This muscle was not observed in any species of Odontophrynidae. The m. adductor praehallucis is present in Spea hammondii (and all other exemplar species of Scaphiopodidae; BLB pers. obs.; see Fig. 3B ). Dunlap (1960: 35) described for S. hammondii (under the name of the m. abductor brevis plantaris hallucis) that "it arises by a small head from the dorso-lateral surface of the 'spade' as well as from the aponeurosis, and inserts along the medial edge of the metatarsus and on the ventral surface of the metatarso-digital joint". We mostly agree with Dunlap's (1960) description, here re-identified as the m. adductor praehallucis, only pointing out that (1) the main origin is from the spade of the prehallux (the origin from the aponeurosis plantaris is reduced to the contiguous region that inserts on the prehallux), and (2) although it reaches the metatarso-digital joint, it does not form a discrete tendon of insertion on the proximal phalanx. Since this muscle identified as m. adductor praehallucis had also been observed in Pelobates fuscus (and also P. cultripes and P. varaldii, BLB pers. obs.; although Burton [2001] did not mentioned the presence of the m. adductor praehallucis in P. fuscus), the association indicated by Burton (2001) with burrowing habits is corroborated. As in other characters related to burrowing behaviour, they occur only in a subset of unrelated burrowing taxa, since it was not observed in any other non-burrowing species.
The position of Odontophrynus cultripes: Low support values and character conflict. The most complete topologies available with relevant taxon sampling of Odontophrynus are those of Pyron & Wiens (2011) Two characters from foot musculature reported here are in conflict with regard to the position of Odontophrynus cultripes. First, O. cultripes shares with O. americanus (and the putatively close relative O. lavillai) the presence of the supplementary slip of the m. lumbricalis brevis digiti II (Character 5). This would be interpreted as a synapomorphy in the current topologies of Pyron & Wiens (2011) and Pyron (2014) , in which O. cultripes is sister to O. americanus. In contrast, Odontophrynus cultripes does not possess the slip of the supplementary head of the m. extensor brevis superficialis hallucis with origin from the tibiale (Character 9), which is present in all remaining species of Odontophrynus except O. carvalhoi (sister to all other Odontophrynus). This character-state (presence of the supplementary head of the m. extensor brevis superficialis hallucis) would suggest a close relationship between the O. americanus (O. americanus, O. lavillai, O. cordobae, and O. maisuma; these last two species not sampled here) and O. occidentalis groups (O. achalensis, O. barrioi, and O. occidentalis), with the exclusion of O. cultripes. The low support values and character conflict, coupled with the incomplete taxon sampling in published phylogenetic analyses, underscore the need for additional systematic work within the clade.
Striking similarities between novel muscles in different digits and unexpected intraspecific variation. The similarity among the supplementary slips of the mm. lumbricales breves digitorum II-IV (see Characters 5-7, Fig. 2 ) is surprising. However, the independent absence/presence of each of them corroborates their evolutionary independence. What is even more striking is the similarity of all these supplementary slips. They have a common origin on their respective m. lumbricalis brevis, and fleshy insertion in equivalent portions of their respective metatarsi. Despite the independent presence and absence of the slips of different digits, the extensive similarity among them and the fact that they are only present in Macrogenioglottus + Odontophrynus suggest possible functional and/or developmental dependence.
Finally, as evidenced in Table 2 , a specific pattern of occurrence of the supplementary slips of the mm. lumbricales breves digitorum II-IV exists. The appearance/presence of these muscles tends to be from the lateral to the medial digits. Note that, with the exception of Odontophrynus carvalhoi MZUSP 98179 (in which only the supplementary slip of the m. lumbricalis brevis digiti III is present), all remaining specimens of Odontophrynidae have one of the following combinations: (a) supplementary slip of the m. lumbricalis brevis digiti IV present (one specimen of Macrogenioglottus alipioi); (b) supplementary slips of the mm. lumbricales breves digitorum III-IV present; (c) supplementary slips of the mm. lumbricales breves digitorum II-IV. Note that the supplementary slip of the m. lumbricalis brevis digiti II is never present in absence of the supplementary slips of the mm. lumbricales breves digitorum III-IV. Although no specific hypothesis can be advanced, the prevalence of the presence of the more lateral supplementary elements in these hindlimbs-first burrowers is suggestive of functional relationship among these supplementary slips.
